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This invention relates to an improved method
for preparing para nitrophenyl diethyl thiono-
phosphate by reacting diethyl thiono chlorophos-
phate with sodium para nitrophenolate in the
presence of a catalyst, and relates particularly
to such a method wherein an aliphatic amine is
used as the catalyst.

The preparation of para nitrophenyl diethyl
thionophosphate by heating diethyl thiono chlo-
rophosphate with sodium para nitrophenolate at
130° C. using chlorobenzene as a reaction me-
dium is known but the yields of the ester prod-
uct are unsatisfactory within commercial periods
of time. Efforts to speed up the reaction by in-
creasing the temperature were not successful, as
the product was found to be highly contaminat-
ed with acidic side reaction products.

We have discovered that the reaction may he
greatly speeded up and that high yields may be
obtained within commercial periods of time by
carrying out the reaction in the presence of an
aliphatic amine catalyst. As little as 0.25% of
the catalyst, based on the total weight of the
reactants will cause the reaction to proceed at
a rapid but controllable rate at temperatures as
low as 100° C. Nearly quantitative yields of
esters are obtained which  have only slight

amounts of acidic or potentially acidic impuri-

ties.

The preferred amine catalysts for the reaction
are the aliphatic tertiary amines, such as tri-
ethyl amine, tributyl amine, n-ethyl morpholine,
hexamethylene tetraamine, and the like. Ali-
phatic secondary amines and aliphatic-aryl
amines may also be employed as catalysts but
they are not as effective as the aliphatic tertiary
amines.

The reaction is preferably carried out in a
solvent for at least one of the reactants which
acts as a reaction medium.

The following examples illustrate the improved
process:

Example I

62.5 grams of substantially anhydrous sodium
para nitrophenolate was added to 100 grams of
chlorobenzene and 68.5 grams of diethyl thiono
chlorophosphate. 0.6 gram of triethyl amine was
added to the mixture. The mixture was stirred
at 100° to 110° C. for two hours, then cooled to
room temperature and washed with water to re-

move the sodium chloride formed in the reac-
tion and anv a¥rece sndintm nara nitranhannlatas
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91%. Analysis of the product showed it to be
a substantially pure compound containing 11.3%
P, 10.5% S, and 0.1% Cl compared to the theo-
retical values of 10.65% P, 11.0% S and 0.0% CI
for the pure product. The slight amount of im-
purities in the product were of acidic nature.
One gram of the product when stirred in a large
excess of water required only 0.4 cc. of N/10
caustic soda to neutralize the acidity. No change
in acidity developed after stirring in water for

' 48 hours.

The product had a very high toxicity to white
mice, and insects, and the principal use of the
product is for insect and rodent pest control,

Ezample II

The same amounts of solvent and reactants
were used as in Example I, except that the tri-
ethyl amine was replaced with 1.1 grams of tri-
butyl amine. The mixture was heated two hours
at 115° C., and the ester product separated as
in Example I. A yield of 92% was obtained of
ester product having the same characteristlcs as
the product of Example I.

Example III

The same amounts of solvent and reactants
were used as in Example I, except that 0.9 gram
of N-ethyl morpholine was used as the catalyst.
After heating the mixture at 110° C, for two
hours, the product was then separated as in Ex-
ample I. An 88% yield of the substantially pure
product was obtained.

Example IV

Example I was again repeated except that 1.5
grams of hexamethylene tetramine was employed
as the catalyst and the mixture heated at 130°
C. for 2% hours. A 93% yield of the ester prod-
uct was obtained.

The improvement in the process resulting from
the introduction of an aliphatic amine catalyst
is readily apparent by comparison of the 88 to
93% vyields in the above examples in 2 to 2%
hours with the less than 50% yield in ten hours
when employing the prior art process.

The mechanism of the catalytic reaction is not
understood but it is believed that the aliphatic
amine first forms a co-ordination compound with
the diethyl thiono chlorophosphate thus making
the chlorine atom more active towards the so-
dium atom of the sodium para nitrophenolate,
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limited to these theoretical considerations. Based
on this theory only a trace of the amine catalyst
should be necessary. However, it has been found
that the amount of catalyst should be at least
0.25% by welght of the total reactants in oider
to increase the reaction rate so that the reac-
tion may be carried out in a commercially feas-
ible period of time. The amount of catalyst may
be increased from 0.25% to 2.00% or even more
without substantially changing the reaction
characteristics.

The temperature employed is preferably main-
tained within the range from 100-130° C. though
a higher temperature may be employed so long
as it is held below the decomposition point of
the reactants or ester product, which is above
150° C.

Chlorobenzene has been used in the above
examples as a reaction medium, but other inert
solvents such as xylene, chlorotoluene, and the
like may be employed. The reaction may also
be carried out without use of a solvent medium,
but such method is not preferred because of the
difficulty of obtaining proper mixing of the“de-
actants.

Having described our invention in considerable
detail, it is our intention that the invention be
not limited by any of the details of description
unless otherwise stated, but rather be construed
broadly within its spirit and scope as set out in
the accompanying claims.

We claim:

1. The method of preparing para nitrophenyl
diethyl thionophosphate which comprises react-
ing diethyl thiono chlorophosphate with substan-
tially anhydrous sodium para nitrophenolate in
the presence of an aliphatic tertiary amine cat-
alyst.
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2. The method of claim 1 wherein the reaction
is carried out in the presence of a solvent for at
least one of the reactants.

3. The method of claim 1 wherein the reaction
is carried out at a temperature from about 100°
to 130° C.

4. The method of claim 1 wherein the catalyst
Is present in an amount that is at least about
0.25% by weight of the reactants.

5. The method of preparing para nitrophenyl
diethyl thionophosphate which comprises react-
ing diethyl thiono chlorophosphate with substan-
tially anhydrous sodium para nitrophenolate in a
chlorobenzene reaction medium at a temperature
between about 100° and 130° C. in the presence
of at least 0.25% by weight of the reactants of
an aliphatic tertiary amine catalyst.

6. The method of claim 5 wherein the catalyst
is triethyl amine.

7. The method of claim 5 wherein the catalyst
is hexamethylene tetramine,

8. The method of claim 5 wherein the catalyst
is tributyl amine.

' ARTHUR DOCK FON TOY.
THOMAS M, BECK.
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